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(54) Disk recording system 

(57) When a buffer underrun decision circuit (1 7) de- 
Y ckies ttiat a buffer ur>derrun is ab^ to occur, data re- 
cording on the disk is interrupted by a recofdir>g control 
circuit (18). On the other harxj. when the buffer uriderrun 
dectskxi circuit (17) determines that a buffer urxlerrun 



situation has been avoided, data recordir)g is resumed 
by the recording control circuit (16), At this tkne, data 
recording is resumed from a positkm ol the disk which 
is continuous to data recorded by the time the data re- 
cord^g was interrupted, thereby recording new data 
continuous to the last recorded data. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present riventicn relates to a disk record- 
• ing system which aRows data to be recorded in addition 
to already recorded data, and relates in particular to a 
disk recording system which er^ures continuity of re- 10 
corded data even when buffer urxlerruns occur. 

2:. Descripticm of Related Aft 

. . ' ',. - ' ■ ' ' ■ ' . , • ' , 

[0W2] An optical disk recording systern tor recording is 
data on a disk has been krK>wn in which a light beam is 
irradiated f ronrran optbat head onto a disk to change the 
reflectivity of a recordirtg layer of the disk and thereby 

record data on the disk. Arnorig such optical disk record- 
ing systems, a CD-R (recordable) drrve of the CD (Com- 20 
pact Disc) family is a well krK)wn exarrple in which a 
write-once medium that prohibits physical erasure of al- 
ready recorded data is errployed. 
[0003] This write-once medium such as a CD-Fl^ how- 
ever, has a prc^lem of buffer underruns \g\ whch a rate ^ 

' of data transfer for inputting data to a buffer dbes not 
keep up with a rate of data transfer for recbrdhg data 
on the medimt; arKi this in turn leads to buffer underrun 
errors whk:h cause the recorded dtna to be discontinu- 
ous. In the case of disc-al-once br tracksat-once rr^dlum ^ 
in whkii file groups to be written a're'prevtoiftBiy desig- 
nated^ the recording rr^um carvK>t be used wHen such 
a buffer underrun error occurs. - ' 
[G004] Such buffer underrun error fias become rhore 
likely to occur as the recbrdang rate in CD-R driviss has 3S 
increased to be higher than 4 or 6 tinges the starxiard 
rate, and as persor^al cdmputers are rmxe often oper- 
ated using multi-task f unctk^riis. Acconcfingly. buffer un- 
derrun error is t)eccmjng a serious problem. 
[000^ OrUhe c^er hand, in a packet write system. ^ 

' data can be recorded by each packet arid therefore da- 
ta recording is suspended until the data to be recorded 
fill the cap^ity of e^ packet^ ttiereby preventing a 
buffer uTMlertun error to occur. This is disckused in; for 
exarnple/ Japariese Patisht Rej^erad Publcatkdh No; 

• 2842262." 

[OCOG] : Hercf. it is hsoessary to erisure a compatibility 
between a CD^ drive and a CD-ROM drivb such that 
data record^ on a disk by ai' CD-R drive can be repro- 
duced by a CD-ROM drive. However, a problem of this 
conipatftsility ts also imsofved because the packet wrfte 
system is r^ always appHcaible to CD-ROM drivesw 
[0007] Further. wf>ena CO^R drive records audb data 
coiresfxindin'g to a CD-DA. a packet wrfte system is not 
app5cable to the CD-R drive due to a'ccMrnpatibtlity'with s6 
aCD-DApSayer. 

[iDOOtS] In a jpackef write sy^em. bidcause lonk blocks 
must be formed for corviecting packets, there, is also a 
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problem cA disk storage cap£icrty. 

SUMMARY OF THE INVENTION 

[P0(^ According to the present invention, data to be 
added ard Synchronized by si^ synchronizing means 
with data whfch have already been recorded on a disk 
and are then recorded at a recording start position on 
the disk detected by recording start posrtkxi detecthg 
means. Therefore, it is possible, when data recording is 
resurned, to record hew data on the disk such that the 
new data are continuous to the data which have been 
recorded by the time data recordbg vvas interrupted. 
The added data can be reproduced in a marvier conth- 
uous to the already recorded data without adoption of a 
packet write system. In this way. a disk recording system 
whk:h can record data on a disk while ensuring a com- 
palft>iltty with other disk reproducing systems can be 
provided. - 

[0010] Further, if it is determined mat buffer mdernms 
are about to occur, data recording to a disk can be n- 
terrupted. Then, once it is detemrur^ed that a situatton n 
whk:h buffer underruhs are about to borur has been 
avoided, recording is resumed al a posAidn from whfch 
new data can be recorded <x)htimibu^ tb the last .d^ 
whk:h were recorded irnrhediatefy before the'hterrup- 
tky) of d|ata recorcfing. Ao^rdingly. a buffer urtderrun er- 
ror by which d^ta are recontod on a <^sk discontinUously 
can be prevented, and therefore the irecxIidcKi dbita are 
reproducible, even on a disk reproducing system whk^ 
c^ only read dbks having <xivitthupusly recoribisd cfaita 
[0011] Further, in k disk r^oordirig syistem for record- 
ing data to which interleave prddetssing is applied, dala 
to be modulated are stored by ah eriopdefwNm record- 
ing is interrupted t6 secure an ^terleave lerigth heces- ^ 
sary for new data to t>e inputted when recording is re- 
siinied. Therefore, even if data are imerieaved. it i^^ 
sibte to miodutate nbw data when recbfding e resumed 
such that they a^<b continuous' to the last daia whk:h have 
been recorded on a disk imrnediatety be^e the ihter- 
ruptkan of recordirig: • - : - 

(0012] Further, a recording start positkxi rhay be de- 
tected by deterrhtning an address of the last' frame of 
the data recorded oh a disk whiile referring to the ad- 
dress istored mvnedtately before the interruptksn of re- 
cording. Therefore; as a process prevkMis toa diBtectkNi 
of a positk)n iat whch recording is r^iimed, it is possible 
to reliably and qukrkty detect the positnn the last diata 
recorded immediately before thei interruptkxi of record- 
ing, whereby the positfon where recording is resumed 
cah'be det^ed reliably £ind quickly. 
[6013] lnpartknrlar;!heie^^ 
tected by detecting an address of the data corresporKl- 
tng to one frame previous to the last frame of the d^ta 
^recorded invnediately before the interrupikx) of record- 
ing and counting chartnet bits uskig, as a referertce, a 
frame synchronizing signal firstly detected after the 
aforementkihed address is detected. Therefore, it is 
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possible to additionany record new data oh a disk in a 
manner, continuous to the data recorded tmmediatety 
before the interruption of recoiidir>g. 
[001 4| Further, as an operation clock used for system 
control, a reproducing clock obtakyed by reproducing a 
pit signal may be used until, the recorcJipg start positk)n 
is detected, and when the recording s^rt position is de- 
tected, the reproducing ck)ck is switched to.a recording 
^ clock used for data recording. Therefore, it^is poss3>le 
to nr^ke new data to be recorded orv ttie disk synchro- 
nized with the data already recorded on the disk artd to 
^ immediateiy inftiate system controf by means .of. a re- 
cording dock once a rxyvrecordect region pf the disk 
wfiere a reprodMCing clonic is nqt.a^ilable is detected. 

BREF bESCpiRllbN THE D^^ 

[001^ These, suid pfher obj^pts inventnn will 
be explained in. the description below, in CQpf^tkin with 
the accompanying drawings, in which; : : : 

FIQ. 1 is ^ bipck circuit djagrara^howtng an^xanv 
. pie of a Cp-B drive empkiyed jn.a dis^ 
system^acc^djng, t^ Jthe present mventipn; and 
FIG. 2 is, a circuit block diagrar^ shpw^g a.ctetailed 
. stmcture.crfa sjinBtem^ ,. 

DCTAILED,PEi5CFUI?T!PNPFPB^^ ... 

[bpjej^ TT)0, preferred^ e^ irv 
yefittoriwiijbed^ 

to the ,9ccprn|3^rTyh^^^ r ^ i- -' v • ^ 

[0017J . Fig:, i is a btek circutt f^bgrstft) sl>0¥ong an ex- 
ample of B.cihB drive of a disk recording system ao^. 
corcfing to the, preserrt invent^ . , = , . .-^ . ^ -. 
[0018] . (n. Frig. 1 > reference ^umeral f. denotes an dp- 
ticai head whk:h irradiates a taser b^anri to traq^ a disk 
for writing^reading data ontc/trprn the disk, v^penumer- 
al 2 c^riotes^an, BF arnpUfier for ^rnplifying ari RF signal, 
(a high frequency signal) obtatned.f rorn the optical head 
whk:h reads, recorded data on the df^ and for coding 
the RF signal as binary data tobe then putpyt as digitati 
data RefererK:e nurperal 3 dehotes a hetad servo whteh 
perfonns focusir)g contrpi for f ee<|ing,back an putput d,. 
the c^tical head 1 via the RF amplSrer 2 so as to focus 
a baser beam on a signal surface of the ^isk and tracking 
control so that the taser beam \yiit fpHow a sigrtal track 
of tf)e disk, as well as thread feeding control for moving 
the pptipal head 1 in the racfial direction o| the^disf^, . 
[0019] Numeral 4 denotes a ^decodiar fpr^xJemodylat- 
ing the digital data output from tfie.RF^arnpl^er 2 ^rxJ 5 
der>ote8 a subcode dernpdutatnr^ cn^cuit for demodulat- 
ing a seperated subcode. 

[0020] Numeral 6 derKstes a wojt^le depoder hav^g 
an ATIP (AbspMe Tirne In. Pre-groove) donriodutating 
drcuft 7 which exirads wobble con^ponents o( 22.05kHz 
from a pre-grocve signal of a disk ob^ned via t^e RF 
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amplffier 2 to generate corhponents required for rotatkm 
control of the disk and also demodulates an ATIP from 
the wobble connportonts. . 

[0021] Numeral 8 denoies an interface which corv 
s trols, via ai connectkxi terminal 9, data transmissk)n and 
data receptnn to and from a host persorial computer 10 
. connected outskie the system. Numeral 11 dertotes an 
: erKXxter wtiich modulates data ir^put thereto via the ir>- 
' terface S into recording data to be recorded in the disk 
'0 \ and 1 2 dencrfes an input data FlAM for storing input data 
to be modulated by the ertcoder t1 . 
[0022] When the encoder 11 modulates data based 
on the CD-ROM starKiard, a sync^ a header, an EDO 
(Error Oetectksn Code). arKi an ECC(Error Correction 
\ys ,Code).for CDhROM data ai^ added to the input data. 
V ; r Subsequently^ ^ , process rwith a CIRC (Cross Inter- 
; leaved Reed-Sokxnon Code) whk:h is an enortcorrec- 
v-|..tKxi code^ol a CO system is applied )^tle aisubcode is 
.added, and further EFM (Eightlp Fourteen Modulatkxi) 
2Ct is performed and a synchroniz^g;sigr^l is added. 
. ; [Q023]t NumeraM 3 denotes an internal FIAM which is ^ 
prcvkted inside the encoder 11 arxi is used for rhodula- 
tion processing by tf>e encoderll . Numeral 1 4 deriptes 
laser drive-circuit for driving a Jaser source of the op- 
zs., ticaj >he^d t. sp as .to perforrfi data recording based on 
ic;. the f etpord'pig data4>f the EFM data outputted from the 
.encoder 11 ^ - 

r • [0024] . > }:Nunr)er^l -1 5 denotes a -system control circuit 
V v4>irh ^pertprnf^ systern control with ji^egard . to disk re- 

^ J .cording ar)0 repfoduc|fig. Specif)caff>t the systera corv 
. trpl^drcu^-cpmprises^ ah access icontrolmeans 16 for 

address of at>sotute tirpe information Jna subcode (sub 
, ,,9«data), whwh is demodulated by the sidJcode demod- 
^^v- utatirig circuit 5, ar)d to af) ATiP address. of absolute tkne 
4BJ[QrnDation^in ATIP vwhkih^ is demodulated tsy the ATIP 
dempdutatjng circuit 7:. buffer underrun decision noear^s 
17; wj^ich noqr>itors data capacity ^tdred.in the input d 
RAM 1 2 for deterro^ing th^t buff sf underruns are about ^ 
40. to occur in ;Whk;h the data transfer: rate for data hput 
..c^nnHOt keep up^rth the data tran.sfer rate for recording 
rdata pri the dicfk arfd thereforei^ta to be recorded be- 
come, inadequate or th^t the s^uatkx) in which buffer urv 
. derruns ^are about to occur has been avoided; recording 
45 cpntrplyfneans A 8 for contcpflff^. data recording on the 
disk in accordance with a deciskxi made by the buffer 
. underrun decision rne^si;^ recordirig start position de- 
^ tectir>g rne^^' 1 9 for detectkig the leading erd of the 
. non-recorded regksn.pia the djckrirv. which rK> data are 
so . recorded tqc^tect a recordbg^tartpositksn at wh 

^ecprc6r>g control; means.16 starts data rccoiiiirig; and 
signal synchrpniztng, means, 20 for syr>chronizihg .r>ew 
: ; data to t>e recx>rded withthja data which are already re- 
^ corded on the disk by, using a syn^ronizirig signal of 
ss the subcode extracted by the decoder 4 arxl the. sub Q 
data demodulated by the subcodie demodulating circuit 
5. The systernpqntrol cvcuit 1 5,may be a microcompjuter 
operating as each of the aforementioned means through 
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execution of software instructions: It may bo preferable. [0030] Data output from the personal computer 10 to 

however for any of the aforementioned rT>ean8 to be be recorded on the disk are supplied via the hterface 8 

hardware circuits. to the encoder 11 , which modulates the data into surta- 

[0025] Numeral 21 denotes a system clock generat- ble recording data. 

ing circuit for generating an operBtkm ck>ck whk:h is s [0031] When the laser beam for tracing from the op- 
used for system control ol the entire operation for disk tical head 1 reaches a write area on the disk, data to be 
recording and reproducing, the circuit comprising two reconied;are sequentially output by each EFM frame 
PLl. (Phase Lock Loop) circuhs for selectively establish* from the encoder 11, and address data VKlicating the 
tng syr^chn)nizatson with a reproducing ckxk obtained address of the corresponding output data are sequen- 
by reproducing EFM data outputted from the RF ampll- io tially updated and stored in the address niemory 15a of 
: tier 2 or with a reference ck)ck having an accuracy of a the system control drcutt 15. 
quartz Mcitlator. ■ ^ \- . [0032] The laserdrivecircuit 14 drives a laser source 
[0026] As shown in Fig. 2, the system ck)ck generat* of the optbal head 1 t>8sed on the recording data output 
ing circuft 2l comprises a reproducing ckxk system for from the encoder IT/ thereby recording the data on the 
use in reproducing operatkn arKj a referertce ckx:k sys- is 

tem for use in recordbg operatfon. Thd reproducing [0033] VVhen recording data on the disk, the system 
clock system'is constituted by a PVL circuit in whfch the cfock generator 2T generates a ref eiferice dtock, and d^- 
phas^ of a reproducing cteck reproduced by a clock re- ta recording is performed by each predetermined frame 
producing circuit 22 and the phase of an output from a tri synchronism with the reference ckxk. 
VCO (\toRage Ck)ntrol Oscillator) 23 are cornparedwi^^^ [0034] During data l ecxwding, however; wh^ the data 
each other by a first phase comparator 24. whk:h then transfer rate for outputtihg data from the personal corn- 
generates an output voltage in accordance with a phase . puter 10 lags behtTKl the data trarisfer rate for miti 
shift between the reproducing ctock and the output from data on the disk, or, in 6fr>er words, when the transfer 
the VCO 23, and ttie output voltage is converted, by a rate for inputting data to the encoder 1 1 becomes skywer 
first LPF (low pass fitter) 25, intoa dc voltage, whfch is than the transfer rate for (krtputtihg data from the en^ 
fed back to ttie VC053 via a switch circuit 26. On the ' er 11, the data amouhf istored m the RAM 12 decreases, 
otherhand. the reference clock system is constituted by • [0035] This conditoh wbuki we^^^ 
a PIX circuit in which the phase of a reference ckxk RAM 12 tor stortrig data becorning empty. If this occurs, ^ 
generated by a .quartz oscillating ctrcuft 27 and the ^ the buffer underrtjiS diecisich rfieari that 
phase of an output from the VCO 23 are compared with ^ buffer underruhs ;^e abbiit to bcc'uf. ther^ generating 
each other by a second phase comparator 2B. which - a decisnn signal iiSdicattirig ttiis s In response to 
then generates an output voltage inaj»iorctance with a this dectsk)n signal, Ihe recbrcfirig c^ 
phase shift between the reference ckxk ar>d the output' terrhines the ihterrujptkxi of thiei recording on the disk and 
from the VCO 23, and the output voltage is converted, the ot!rtput of data from the encoder 11 b interrupted, 
by a second LPF 29. into a dx. voltage, which is fed 3S Sirnutt^eoUsfty. the oj3tk:al head 1 terrhinates irradiating 
back to the VCO 23 via the switch circuit 26. - a writrr>g beam, to thereby interrupt the data recording 
[0027] : Iri the disk recording system thus constituted, on ttve disk: Here; it is also pbssdiile th^t the buffer un- 
the recording operatk)n is executed as tolk>ws. First, the *- derrundecisicx) rheans 17 determines that buffer under- 
personal computer 10 operates to allow data recording runs are «ibbut to occur when it detects thiat the data 
on the disk, thereby generating ccmmarvds in accord- 40 stored in the RAM 12^ is less than a piredetennined 
ahce with the operatkin. The cornriiands are then input* • amount ' ' ^ ^ ^ , 
ted .via the interface 8 and recognized by the system [0036] When data output from the encoder 11 is hter- 
contrdL circuit 15 to perforrh reconfng operatkv). rupted, the address data corre^xyxiing the address of 
[002q ^ When performfc>g recording operatkm, the the last frame of the da^ which Were output from the 
switch circuH 26 is switched by the sigrm 4S encoder 11 imrhediately before the riterruptm of re- 
mearts 20 such that the refer^rtoe ckxk system oper- cording are stored in the address nrmrrxxy 15a of the 
ates, and the system ck>&k generator 2r^ts in ^ ' "system cbntrol circuit 15. Thus riec^^ 
tk>n in which a reference ciock is generated, thus, each " are constituted by tin^ ihformatkxi of Q ch^nel data of 
circuK shown in Fig. 1 is now ready to bperata in syn- a subcode (sub Q c^taj and address inforn^ 
chroriism with a reference ckxk.-. so catlng the ppsitk)n(r4o.of dai^)inan EiFM frar^ 
[OOizq SpeciTxaiv. the optxal head 1 is controlled time iriforrnatksn. In ^xordance with the address data 
such that a laser output for performing disk reiproductm - storied in tf>e adclress miernory 15a^ me signal synchro- 
reads a pre-9rooye signal ol the disk. After the pre- nizing rT)eahs i2b mar^g^ the hour, minute, arxl frame 
grocvesignaJ read by the optxat head 1 is subjected to 6fthettnr)einforTnation hthesubOdata^ 
iA^e-fihapsngby theRF an^[ifbr2. the wobbte ss of an EFM frame ih the tirne infomiatksn the address 
hents are extracted by the wobble decoder 6 from the the last frame of the data recordedoh the disk irxficates. 
stgnat. and an ATIP is c^Kxiulated front the wobbfie [0037] Under this conditkxi, when new data are hput 
components by the ATIPdenK)dulaUng circuit 7. to the encoder from the personal computer 10, t»>e ac- 



cess control means 16. accesses the data wtiich had [0043] *^ When the leading end of the non-recorded re- 
been recorded on the disk before data recording was gioh is detected, the system clock generathg circuit 21 
interrupted using the ATlPderripdufated by t^ is immediately switched by the signal synchronizing 

modulating circuit 7, and the of^ical head 1 begins trac- mearts 20 from the status in which a reproducing ckx:k 
tng. The tracing may be started, for example, from the s in syrtchronism with the EFM data is ger^erated to the 
position several tracks before the addiess stored in the status in which a reference ckxk is generated. Now, the 
address memory 15a : i^^, . , . reference ckx;k becomes an operatnn clock for the erv 

[0038] In this tra:ing process, a pi signal on the disk ; codertl. 

formed by recording data on the disk is read out. When [004^ Here, the system ckx:k generating circuit 21 
the EFM data can be obtained forrn the read pit signals.^ <10 \ has the constructk>n shown in Rg. 2. Specfficaily, a ra- 
the systernck)ck generating circuit 21 is switched by the. . producing ck>ck generated by thd ckx;k reproducing cir- 
signalsynchroniztngrnear^ 20 from the condition where cuit 22 is inputted in the first phase comparator 24 where 
a reference ck)ck is generated to the condjtk3n where a the phase of the reproducing ctOck is compiared with the 
reproductrtg cUxk ir), synchronism with the EFM data is : . phase of an output from the VCO 23. The comparison 
generated. Accordingly, each circuit ^hown in Fig.' 1 is result otitputted from the first phase comparator 24 is 
turr« to be operated in synchronism with the reproduc- , inputted via the first LPF 25 into the switch circuit 26. 
ing ctc^f^ arxjtthe^ipp^r n t [0045] : On the other harKi, a referer^e ckxk generat- 

rnpdulatwjp propes^ in.€yrKhronjsnfi( with, the reproduc- : / ed by a quartz oscillating circuit 27'is inputted in the see- 
ing ckxHe y , ^ ' :> • - . orxi phase comparator 28 where the phase of the refer- 
[0(^9] The ^cpder 11 comprises the internal RAM verK:eckx:k is conrip^ 

13 for stofjng dgt^::to be rnqduialed, The internal FWU : the VCO 23. The comparisdn result otitputted from the 
13 Js configured suph that dgta necessary for CIRQ, > second phase comparator 28 is inputted via the second 
processing is secured j^hen th^^ LPF 29 hto the switch circuit 26 ■ 

rupted so as tq^ecure tl:e interleave length (maximally . , 0 [0046] The switch circuit.26 selects the first LPF 25 
108 frames (Of EFM fframe$[) necessj^ry for newly input r-ss until the leading erxi position of the non-recorded region 
dat^^Hf re. if is also possible to increase the capacity ef ^ . - of the disk is detected. Accordingly^ iri this corKiitron, the 
the fc^uff er 1 2: to~be used as a. rnernory for securing the < v first phase comparator 24, ffist LPF 25 arni the VCO 23 
interieave length, the^ interr^ RAM la^^ ; - ' operate as a phase kicked kxsp (PLL) for a reproducing 

[0040] When the en . ckxK whDe the system ck)ck igenerating circuit 21 out- 

ulatjon propess^g in synchrqnisr^ reproducing 30 . puts a reproducing ckxk as an operiatkm ctock for the 

. clopl^ me, rQapri;ling^t^^^^ < system. . v 

^ ll.are ^ff^tyonU^^^^ already recorded on : ■ [0047]: ;:On.the other hand, when the leading end po- 

thed^skus^ingas]^^ a .: sitk>n of;]he norvrecorded region sttetecled. me sv^^ 

tr£Kned b^^th^j^^ circuit 26 is svi^tched such tfiat the second LFP 29 is 

by thesut>9p(te^^^ ,^ .selectedL :v ; . ' . . : 'A :. 

chrppizing rn^n^ 20; By mearts <^ the recording control . i Accord»ig!y^ in this condition; the second pf^se compa- 
rn^s 18. the encoder 1 1 is turned into.^ standtoy status rator 28.i second LPF 29 and the VCO 23 operate as a 
for outputting da^ cc^r^po^ f name ne^t to the : V vphase kxkedkxp (PLL) for a reference ckxk while the 
last frame of the data recorded on. ttie disk^i^^ / . system ckx:k generating circuit 21 outputs a reference 

before the Interruptioo of.recording while referring to the , MP clock as an operatkxi ckxk for the systeml 
^ress data stored in the address rnempry 1 5a. . r[004ai , . When the. switch circuft 26 is switched, a con- 

[0041] When the encoder 1 1 is in the standby status. 1 , : Uol voltage for controfling the : VCXD 23 ie gradually 
the recofcfing start pc«,ftion detecting meens 1 9 detects . ; / changed to a voltage of the. selected PU. due to a time 
the leadinQ^end posI^ of the rKin-recorctod region of ponstant^c^ tf^ first LPF^5 or the second LPF 29; There- 
the disk immediately arfter the recorded regnn in which fore.; when* the condition is switched from where a repro- 
data are already recordedr by referring to, the address ; ductfig d^kis gerterated to where a reference ckx:k is 
data stored in 1^. stress rnemory 15a. > ^ generatedi: a system ckx:k gerterated from the system 

[00421 . The position d the leading end in the rKxwe- ctock generaltpg circuit 21 • is also changed gradually 
corded regton is detected ba^ on t^ time inf from a^eproducrig ckx:k to a reference ctock. 

of sub Q data ar)d the EFM frame; pc^ftf^ [0049];; Simultaneously with the switching of a system 

tnfofmatton..For the subcode framp (a cpllectton of 98 ctock, the recording controlmeans .18 allows data to be ' 
unHs of EFM frames), detecttoni^perforrr^edj^ , . outpmfrom the^erKoder 11, thiert^ resuming^ 

O data, whereas, for.. the EFM fram^ ^ . . recording on the disk. ; ^ - 

comtedoneat atirnei^ing^synctiro^^ [OOj^ In ||)is case, synchrontern has been estab- 

a reference, thereby detenntr)ing the terminal end of the lished between the data to be outputted from the ofKOd- 
last frannte of the data recorded on the dis^ > er 11. end the data already recorded on the dis^^^ 

prevtously determined how many char^nel bttsconstitute encoder 11 .outputs data corresponding a fr^e next to 
onefrarne. ^ the frame of the data recorded by the time data record- 
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ing was interrupted. Accordingly, data recording is re- 
sumed from the position of the disk which is continuous 
to the last data recorded by the time recording was In- 
terrupted. and new data corresponding a frame subse- 
quent to the frame of the fast recorded data can be re- 
corded. 

[0051] The foregoing embodiment has a structure 
which assumes that a disk having data recorded by a 
constant linear vekxity (CLV) is rotatkxially controlled 
by the same method and therefore a reference ckx:k is 
generated as a system ckx;k used for recording opera- 
tkxx. However, in the case v^ere a disk having data re- 
corded by a linear vekx% constant method is rotation- 
ally controlled by a constant angular vekxity (CAV), a 
clock in syrK:hronism with wobble components extract- 
ed by the wobble decoder 6 may be generated as a sys- 
tem ckxk for use in the recordv^g operatkxi. 
[0052] White the preferred embodiment of the present 
rnventksn has been descried using specific terms, such 
ctescription is for illustrative purposes only, and H is to 
fc>e understood .that changes and variations may be 
made without departing from the spirit or scope of the 
apperKted claims. 



Clalins 

1. A data recording system for recording data on a 
disk, coniprising: 

a recording control circuit for controlling inter- 
ruption artd resumption of data recording on the 
disk; 

a recording start positkan detecting ctrcuit for 
detectirig, as a recording start positk)n on the 
disk, a posftk>n continuous to the trailing end of 
data whch have been recorded dtscdhtinuous- 
ty on the disk due to the interruption of record- 
ing, when the recordtfig is resumed after the ir>- 
teniiptk)n of recording by the recording control 
circuit; arxl 

a signal synchronizing circuit for aBowing data 
to be additky)al)y recorded on the cftsk after the 
recording is resumed, to be syrKhronized with 
data recorded on the disk irnrnediately t>efore 
the intemiptksn of recoirdirtg; 
wherein, when the recording is resumed, the 
data are recorded on the disk In syrichronism 
with the a^eady recorded data. 

2. A data recording systism of claim 1 , further compris- 
ing: 

an erK»der for modulating Input data into re- 
cording data suitable to be recorded on the 
disk; and 

a buffer underrun detecting circuit for detecting 
buffer underruns in whk:h data to be recorded 



on the disk are inadequate when a data transfer 
rate for inputting data to the encoder is skswer 
than a data transfer rate for recording data out- 
put from the encoder on the disk, 
s wherein sakJ recording control circuit controls 

the: iiiterruption and resumptkxi of recordir>g 
based on detection results frorn said buffer un- 
derrun detecting circuit. 

10 3, A data recording system of ciaanfii 2; further connpr^ 
th^ a buffer lor storing sakf input data. 



wherein sakj butler underrun detecting ctrcuit 
detects buffer underruns by nDonitorir^ the 
amount of data amount stored in sak^bufler. 
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4. A data recording system as defined 'v\ Claim 2, 

wherein sad erx:oder has a memory for storing 
the input data !ar>d 

wherein said memory has a capacity required 
for securing a necessary viterleave length for 
new data to be input wheri data recording is re-, 
sumed: 

5. A data recording system of claim 1 , 

wherein the data are recorded on the disk in 
frame units, ar^d said recording start position 
detecting circuit sequential^ stores addresses 
oorrespondir>g to the latest data to be recorded 
on the disk and detects the recording start po- 
sitkxi by detecting the last frame address of the 
data stored on the disk while referring to the ad- 
dress of the data stored immediately before the 
thterruptbn of data recording onto the disk. 

6. A data recording system of claim 5. 

wherein said recording istart position detecting 
circuit detects the recording start posttkxi by 
detecting the address of the data recorded on 
the disk imnoedtately before the interruptnn of 
data recording and, after the address is detect- 
ed, counting channel bits using a frame syn- 
ch ronizatkxi sigriat as a refererice. 

7. A data recording system of claim 5. 

wherein saki recording start positk)n detecting 
circuit detects the reconfing start position by 
detecting the address corresponding a frame 
which is one prevk>u8 to the last frame ol the 
data recorded on the disk invriedtately before 
the intemiptkm of data recording ar>d counting 
channel bits using, as a refererice, a f ranne syn- 
chronization sigr»J which is first detected after 
the detection of the address. 
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8l a data recording system of clakni. - 

* •^ ■ ^ 

. yvherein the data are stored on the disk as a pit . . 

■ ■ sigr«l, and . - 

wherefn, as an operation clock for use in sye- s 
. tern operation, a reprpducipg clock obtained t>y 
reproducffig sakj pd signal ss used untO the re- 
cording start posrtcn is detjected by the record- . 
ing start position detecting circuit arxJ sakJ ro- . 
producing clock is switched to a recording ctock ip 
for use ini recording c^ta wti«n the recording . . . . 
start position is detected by sakl recording start ■ > » 
positjph detectirig circuit. , 





7 



EP0974 966A1 




8 



EP 0974 966 A1 



V 



I 1 



22 



CLOCK 
REPRODUCE 
ING CIRCUIT 



QUARH 

OSaiLATlNSI 
CIRCUIT ^ 



SECOND 
PHASE 
COMPAR- 

iAT(» 



25 



HRST 






PHASE : 




FIRST 


COMPAR- 
ATOR 




LPF 




26 



SWITCH 
CIRCUIT 


1 


^29 


SECOND 
.LPF 





y 1^ 



9 



EP0974 9G6A1 




EUROPEAN SEARCH REPORT: 



EP 99 30 5602 



DOCUIfENTS CONSiDEREb TO BE RELEVANT 



CMoncf 



EP 0 62S 602 A (PIONEER ELECTltONIC GORP) 
25 February 1998 (1998-02-25) 
« colum llV'llne 35 - lino 43 • 

♦ coltMBt 14»:l1ne 25 - colum 16» line 33 

♦ colum 17, l|ne 1 - line 35; figures 4.5 

m , „^ 

f ATEIfT ABSTRACTS OF JAPAN 

vol. 1996» no. 10, 

31 October 1996 (199^10-31) . 

6 JP 0S[ 14;f879 A (YARAHA CORP}, 

7 June J99i5 (1996-06-07) 

* abstract . * , 

us 5 SU ^3»: a' xIT(M TAKASHI) 
10. I^ecMbier 1996 .(199&-12t10) 

* colion 9, Una 53 ■I'.cpliian ^0.^ linp 31 • 

Er 0 726 571 A (SONYrCOftP) 

14 Au^St (1996;ei)8-14) 

• claim I0^l3;,:ffgures 9,10 • 



1-6 



1-8 



1-3 



1,8 



us 5 31$ 571 A (MEDA SHIfiOlI ET AL) 
24 Hoy 1994 (1994-05-24) 
• jcolinn il. line 6 - coluao 13, line 34; 
figures 1t3 



1,8 



EP 0 520 391 A (SONY f ORP) 
30 December 1992 (19»-12-30) 

• fl0uret;2.4^5 ♦ 

US 5 343 45S A (TAKEUCHl TOSHliFUIII ET AL) 
30 Augui^ 4994 (1994-08-30) 

• CPluon 6; line 38 - line 60 • 

• colum 10, line 26 - line 62 * 



Tlw pTOMrt MAfch nport iMsbMn^lrvMn i^lnr 



811820/10 
611819/02 



6118 



TIC HA6UE 



15 lloveirt>er 1999 



Brunei* L 



A: 
Y: 

A: 
O: 
P: 



T:fMyor 



O: 
L: 



10 



EP0974 9G6A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLBCATION Na 



EP 99 30 5602 



TMiarvMotlM 

7h» E&srapsM ftM OCto* to in fw ««y libfi» for etM* 



wMoh'flTi aMBiy j^wo for tfw piipox of tafoniMttovL 

15rll-1999 





1 P^McMlon /< . 


1 - ' 1 1 

^^^^^^^^^A ^w^^^kf B ^^^^^^^^^^^^ 


tP 0825602 A 


25-02-1998 


JP 


10063433 A 


06-03-1998 






CM 


1181577 A 


13-05-1998 






us 


5815472 A 


29-09-1998 


OP 08147879 A . 


07-06-1996 


JP 


2842262 B 


24-12-199a 


US ^583638 A ; 


10-12-1996 


JP 


6103576 A 

* . *.■" 




J . t - 

£P 0726571 A ^ 


14-08-1996 


Jp 


a2iii903 A 


30-08-1996 


- 








09-4)1^1007 
















US 


5694383 A 


02-12-1997 






US 


: 5831955 A : 


03-11-1998 


US 5315571 A ' 


24*<^1994 * 


Of 


4177670 A 


24-06-1992 






OP 


25854^7 8 


, 26-02-1997 






OP 


; 4216373 A 


06-0^1992 






CA 


2054j580 A,C 


lO-OS-1992 






OE 


69129634 0' 


27-08-1998 


^ 




DE 


69129834 T 


- 18-02-1999 






EP 


"0485234 A 


^ 13-05-1992 






ICR 


; 9707665 B ^ ; 


15-05-1997 


EP 0520381 A 


30-12-1992 


OP 


50027$3 A ' ^ 


08-01-1993 






OE 


69226732 D 


01-10-1998 






, PE; 


69226732 t 


14-01-1999 






US 


5295124 A 


15-03-1994 


US 5343455 A 


3atT0&-1994 


OP 


3288367 A 


18-12-1991 






OP 


2915063 B 


05-07-1999 






OP 

• t 


3288368 A 


18-12-^^1991 








■ y • ■ .- .r .. - . ..... 

■• :: , ■•. 

- ■ • - • ,1 • 1 ■ »i 


* ' r * ^ ' 

1 

-J 

\ T ' • 

- 'U-'- ■ S.; ■ : 



1 
I 



aboiiObafm:aMOncUJbimlc«lh«&M^pMPaMOno^ N& 



11 



